INTRODUCTION {#sec1-1}
============

Infectious diseases continue to have a significant impact on the health of communities around the world. Oral candidiasis is a common infectious fungal disease of the oral cavity caused by an overgrowth of *Candida* species, with the most common being *Candida albicans*.\[[@ref1]\] The incidence of infection has increased dramatically over the past three decades, causing an increase in morbidity and mortality in immunocompromised patients.\[[@ref2]\] Secreted aspartyl proteinase, the most crucial extracellular enzyme produced by *C. albicans*, plays a vital role in invading, colonizing and causing damage to the host tissue.\[[@ref3]\]

In the modern world, multiple drug resistance has developed against many microbial infections including candidiasis due to the haphazard use of commercial antimicrobial drugs in the treatment of infectious diseases. In addition to this problem, antibiotics are often associated with adverse effects on the host including hypersensitivity, immunosuppression and allergic reactions.\[[@ref4]\] This situation forced scientists to search for novel antimicrobial agents that would be less toxic and more effective. Interestingly, several medicinal plants have been extensively investigated to find novel bioactive compounds.\[[@ref5]\] Moreover, several studies have suggested that many plant species possess promising antimicrobial compounds.\[[@ref6][@ref7][@ref8][@ref9]\]

*Piper betle* (betel leaf) is one such medicinal plant widely used as a mouth freshener after meal among Asians. This plant is extensively grown in Bangladesh, India, Sri Lanka and other Southeast Asian countries.\[[@ref10]\] Previous studies on the betel leaf, root and whole extract showed a robust antimicrobial activity by the release of secondary metabolites.\[[@ref11][@ref12]\] Hydroxychavicol, a major phenolic component of betel leaves, is reported to have activity against *Candida* spp.\[[@ref13]\] These plant extracts are also used to cure urinary tract infections, cervicitis vaginitis, gastrointestinal disorders and skin infections such as herpes simplex virus type-1.\[[@ref10][@ref14]\] The plant extract can also act as an antioxidant, chemopreventive, anti-inflammatory, antiplatelet and antithrombotic agent.\[[@ref15]\]

*Ocimum sanctum* Linn is another medicinal plant having numerous medicinal properties.\[[@ref16][@ref17]\] *O. sanctum* L., commonly known as "Holy Basil" in English and "Tulsi" in Hindi and Sanskrit, is a bushy plant with a unique fragrance found in the semitropical and tropical regions of the world including India.\[[@ref18]\] *O. sanctum* (tulsi) has been studied on a significant scale and has shown a plethora of biological and pharmacological activities benefiting humans since ages. Tulsi has been widely accepted to possess antioxidant, anticancer, antidiabetic, antimicrobial, antifungal, hepatoprotective, analgesic, antifertility, anti-inflammatory, antiulcer and antihypertensive actions.\[[@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\] In addition, it has been recommended for the treatment of various diseases such as bronchial asthma, malaria, diarrhea, dysentery, skin diseases, chronic fever and insect bite.\[[@ref25][@ref26]\]

However, literature on the anticandidal activity of betel and Tulsi on oral candidiasis has not been reported earlier. Therefore, the present study was conceptualized as the initial step to comprehensively detail the anticandidal potential of betel and Tulsi leaf extract by assessing the inhibition zones with agar well diffusion method against *C. albicans*, which is the most predominant pathogen of oral candidiasis. The findings were then compared with those obtained with fluconazole, a drug used commonly as a therapeutic agent for the treatment of candidiasis, as a standard.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant collection and preparation of extracts {#sec2-1}
--------------------------------------------

Fresh leaves of young and mature betel and Tulsi were collected from the nursery. All the leaves were washed with tap water followed by distilled water and then shade dried. The dried leaves were grounded using a mortar and a pestle into a fine powder. Plant extracts were prepared by cold extraction method using solvents such as ethanol and ethyl acetate. 25 g of each powdered sample was soaked in 20 ml of the respective solvents and kept in dark for 3--5 days so that secondary metabolites diffuse out into the solvents. It was then filtered with Whatman filter paper No. 2, and the filtrate was collected. The ethanolic and ethyl acetate extracts were concentrated at 40°C using a rotary evaporator (Stuart RE 300, Mumbai, India) at a speed of 25 rpm.\[[@ref27]\] The residue was collected and stored at −20°C until further use. Three concentrations (100, 500 and 1000 μg/ml) of the extracts were prepared.

Collection of *Candida albicans* isolates {#sec2-2}
-----------------------------------------

Five clinical isolates of *C. albicans* were collected from patients of our institute who were suffering from oral thrush by using sterile cotton swabs. The swabs were aseptically streaked on Sabouraud\'s dextrose agar plates. Suspended yeast colonies were subcultured for identification purpose. The plates were incubated at 37°C for 24 h, and the resultant colonies were maintained at 4°C for short-term storage. Identity was reconfirmed by germ tube test.

Anticandidal assay using disc diffusion method {#sec2-3}
----------------------------------------------

The fungal strains were maintained on potato dextrose agar medium (Hi-Media, Mumbai, India). A loopful of culture from the slant was inoculated into the medium and incubated at 28°C for 48--72 h, and 0.1 ml of this culture was evenly spread on the plates containing respective media. Sterile discs of Whatman No. 1 filter paper of about 6-mm diameter were impregnated on the surface of the media. Different concentrations of both extracts were prepared and applied on the discs and incubated for 48 h at 28°C. The results were recorded by measuring the inhibition zone around the discs\[[@ref28]\] \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].

![Ethanolic and ethyl acetate extracts of young betle leaf showing zone of inhibition](JOMFP-23-333-g001){#F1}

![Ethanolic and ethyl acetate extracts of mature betle leaf showing zone of inhibition](JOMFP-23-333-g002){#F2}

![Ethanolic and ethyl acetate extract of tulsi leaf showing zone of inhibition](JOMFP-23-333-g003){#F3}

Determination of minimum inhibitory concentration {#sec2-4}
-------------------------------------------------

Minimum inhibitory concentration (MIC) is the lowest concentration of an antimicrobial agent that appears to inhibit the growth of the microbes. The lower the concentration required, the higher is the efficacy. MIC was determined by a microbroth dilution method according to the Clinical and Laboratory Standards Institute guidelines. An extract concentration of 0.1--2 mg/ml was evaluated. Specifically, 0.1 ml of standardized inoculum (1--2 × 10^7^ colony-forming unit/ml) was added to each test tube. The tubes were incubated aerobically at 28°C for 48--72 h. Two controls were maintained for each test sample. The lowest concentration (highest dilution) of the extract that produced no visible signs of microbial growth (no turbidity) when compared with the control tubes was regarded as the MIC.\[[@ref29]\]

RESULTS {#sec1-3}
=======

The anticandidal activity of ethanolic and ethyl acetate extracts of betel and tulsi leaves along with standard drug fluconazole was analyzed in the present study, and the results are tabulated \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}\]. The zone of inhibition increased in a dose-dependent manner. Among the three concentrations (100, 500 and 1000 μg/ml) used, the maximum inhibitory zone was observed at 1000 μg/ml in the ethyl acetate extract of mature leaves (26 mm), followed by tulsi and fluconazole (13 mm). This was twice as better in betel leaf than the other two.

###### 

Anticandidial activity of betel leaf extract

  Concentration (μg/ml)   Zone of inhibition (mm)             
  ----------------------- ------------------------- ---- ---- ----
  100                     \-                        5    10   \-
  500                     8                         12   22   17
  1000                    15                        22   22   26

###### 

Anticandidial activity of tulsi leaf extract

  Concentration (μg/ml)   Zone of inhibition (mm)   
  ----------------------- ------------------------- ----
  100                     \-                        \-
  500                     7                         \-
  1000                    13                        13

###### 

Minimum inhibitory concentration of betel and tulsi leaf extracts

  Extract         MIC (μg/ml)         
  --------------- ------------- ----- ------
  Ethanol         500           750   2000
  Ethyl acetate   250           125   2000

MIC: Minimum inhibitory concentration

The MIC of ethanolic and ethyl acetate extracts of betel and tulsi leaves along with standard drug fluconazole was tested, and the results are shown in Tables [3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. Fluconazole showed the least MIC value (62.5 μg/ml) followed by ethyl acetate extract of betel (125 μg/ml) and tulsi (2000 μg/ml) leaves.

###### 

Anticandidial activity of standard drug

  Drug          Zone of inhibition (mm)   MIC (μg/ml)
  ------------- ------------------------- -------------
  Fluconazole   13                        62.5

MIC: Minimum inhibitory concentration

DISCUSSION {#sec1-4}
==========

The indiscriminate use of commercial antimicrobial drugs has caused multiple drug resistance in human pathogenic microorganisms. The resistant strains of *C. albicans*, a contributing agent for oral candidiasis, have become a cause of major health concerns, and novel antifungal agents are required to tackle this problem. This situation forced scientists to search for new and effective antimicrobial agents to replace the current regimens.\[[@ref30]\]

Natural products are in great demand for their extensive biological properties and bioactive components which had been proved to be useful against a large number of causative agents of diseases.\[[@ref10]\] Studies on the natural products of plant origin such as betel and tulsi proved that the released secondary metabolites have strong antimicrobial activity.\[[@ref11][@ref12][@ref13][@ref19][@ref20][@ref21][@ref22][@ref23][@ref24]\]

The current study investigated the anticandidal activity of two plants against the subcultures of *C. albicans* obtained from oral candidiasis patients. This was the first study where ethanolic and ethyl acetate extracts have been used to investigate the anticandidal activity of a plant material. According to the results obtained in the current study, the ethyl acetate extract of mature leaves of *P. betle* showed the maximum inhibitory zone against *C. albicans* (26 mm). This was twice larger than the inhibitory zone obtained from tulsi and standard drug fluconazole (13 mm).

A study by Nanayakkara *et al.* revealed that extracts from young betel leaf showed higher anticandidal activity than that of mature leaves. This was explained by the release of more secondary metabolites from young leaves because of the fragility of their physical defenses such as lack of a thick waxy cuticle and low cell wall rigidity.\[[@ref27]\] Our study showed contrary results wherein mature leaves had better anticandidal activity than young leaves, which can probably be explained by the use of ethyl acetate, a solvent not used in the study by Nanayakkara *et al.*, hence an increased release of secondary metabolites in mature leaves. However, this requires more studies to confirm the effect of ethyl acetate solvent in the increased release of secondary metabolites from betel leaf.

In the current study, the ethanolic and ethyl acetate extracts of tulsi leaves showed half the amount of inhibitory zone against *C. albicans* (13 mm) when compared with betel leaf and the equal amount with standard drug fluconazole. To the best of our knowledge, this was the first study to examine the anticandidal activity of betel leaf and tulsi with an approved drug. The low candidal activity of the tulsi leaf may be improved via the use of different solvents and different extraction procedures, considering the polarity of the active compounds. In addition, the purification of the active compound may lead to higher anticandidal activity.

Hydroxychavicol present in betel leaf extract and methyl chavicol and linalool in tulsi leaf extract are responsible for their anticandidal activity. They alter the cell membrane structure, resulting in the disruption of the permeability barrier of microbial membrane structure.\[[@ref13][@ref23]\] Phytochemical analysis in our laboratory also revealed the presence of these secondary metabolites.

Further, the efficacy of these leaf extracts was tested by obtaining their MIC values. It showed that the MIC value of fluconazole (62.5 μg/ml) was twice better than those of ethyl acetate extract of mature betel leaves (125 μg/ml). In a study conducted by Ali *et al.*\[[@ref13]\] using hydroxychavicol isolated from betel leaf, similar MIC values were observed against *C. albicans* as reflected in our study. However, a study by Makkar *et al.*\[[@ref30]\] showed lower MIC values, and another study by Nanayakkara *et al.*\[[@ref27]\] showed higher MIC values. Tulsi leaves showed higher MIC values (2000 μg/ml) than betel leaf and standard drug. This was the first study to find the efficacy of tulsi against *C. albicans*. The higher MIC values obtained from *P. betle* and tulsi leaves in the present study can be attributed to the use of crude extracts of the leaves when compared with the purified form of the standard drug.

CONCLUSION {#sec1-5}
==========

The results of this study demonstrate that the ethyl acetate extract of *P. betle* is more effective as an anticandidal agent against *C. albicans* when compared with tulsi and fluconazole. This would help to replace drugs to which Candida have evolved resistance by promoting these traditional medicines. Further studies on tulsi by using different solvents would increase the efficacy of this plant product compared to standard drug.
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